Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it does not display a currently valid OMB control number.
CONVERSION FACTORS, ABBREVIATED WATER-QUALITY UNITS, and VERTICAL DATUM
In this report, temperature is reported in degrees Celsius (°C), which can be converted to degrees Fahrenheit (°F) by the equation°F = 1.8 (°C) + 32
Abbreviated water-quality units: Chemical concentration in water, or solute mass per unit volume (liter) of water, is given in milligrams per liter (mg/L) or micrograms per liter (µg/L). (A concentration of 1,000 µg/L is equivalent to a concentration of 1 mg/L. For concentrations less than 7,000 mg/L, the numerical value is about the same as for concentrations in parts per million.) Specific conductance is given in microsiemens per centimeter (µS/cm) at 25°C.
Sea level:
In this report, "sea level" refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929, formerly called "Sea-Level Datum of 1929"), which is derived from a general adjustment of the first-order leveling networks of the United States and Canada.
Abstract
Flow data were collected from two adjacent rivers in Yukon-Charley Rivers National Preserve, Alaska-the Nation River (during [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] and the Kandik River (1994-2000)-and from the Yukon River at Eagle, Alaska, upstream from the boundary of the preserve. These flow records indicate that most of the runoff from these rivers occurs from May through September and that the average monthly discharge during this period ranges from 1,172 to 2,210 cubic feet per second for the Nation River, from 1,203 to 2,633 cubic feet per second for the Kandik River, and from 112,000 to 224,000 cubic feet per second for the Yukon River.
Water-quality data were collected for the Nation River and several of its tributaries from 1991 to 1992 and for the Yukon River at Eagle from 1950 to 1994. Three tributaries to the Nation River (Waterfall Creek, Cathedral Creek, and Hard Luck Creek) have relatively high concentrations of calcium, magnesium, and sulfate. These three watersheds are underlain predominantly by Paleozoic and Precambrian rocks. The Yukon River transports 33,000,000 tons of suspended sediment past Eagle each year. Reflecting the inputs from its major tributaries, the water of the Yukon River at Eagle is dominated by calcium-magnesium bicarbonate.
INTRODUCTION
The Nation and Kandik Rivers are two adjacent rivers located in interior Alaska near the Alaska-Canada border. Both rivers originate in Canada, flow southwestward into the Yukon River, and drain watersheds of approximately 1,000 mi 2 . Although the basins are relatively undisturbed, the effects of mining exploration a century ago and modern-day trapping are seen locally. About three-fourths of the land comprising the Nation and Kandik Rivers watersheds is in Alaska, and both rivers flow through the Yukon-Charley Rivers National Preserve ( fig. 1) .
The main visitor center for the Yukon-Charley Rivers National Preserve is at Eagle, a village just west of the Alaska-Canada border ( fig. 1 ). At Eagle, the Yukon River has drained approximately 114,000 mi 2 , about one-third of the entire Yukon River Basin. Downstream from Eagle, the Yukon River flows for about 150 mi through the preserve to Circle. The preserve encompasses parts of the valley on both sides of the Yukon and the entire drainage of the Charley River, a designated National Wild and Scenic River. The Nation and Kandik Rivers, entering from the north, are the other major tributaries between Eagle and Circle.
Under terms of the Alaska Native Claims Settlement Act of 1976, the Doyon Limited Regional Corporation selected approximately 550 mi 2 of land within the preserve. As of 1994, approximately 370 mi 2 had been conveyed to Doyon. Much of this land is within the Nation River and Kandik River Basins and was selected for possible oil and gas extraction. Also, the State of Alaska owns the beds of the Nation and Kandik Rivers within the preserve because the rivers are deemed navigable. Potential oil and gas exploration and State ownership of the navigable river beds are the most important resources-management issues for the National Park Service in the Nation River and Kandik River Basins. In addition, they are required by law to provide access to private inholdings in the preserve. Thus the National Park Service is concerned about two categories of impacts-from temporary access across lands and potential development on lands within the preserve. To manage development activities effectively, resources information such as water quantity and quality is required. By collecting and assembling data before any development takes place, park managers have a baseline with which to compare future impacts.
Purpose and Scope
As a result of possible oil and gas exploration, the National Park Service, in cooperation with the U.S. Geological Survey (USGS), began to collect hydrologic data on the Nation River in 1991 and on the Kandik River in 1994. Flow and water-quality information were collected by the USGS and Environment Canada on the Yukon River at Eagle from 1950 to 1994. The purpose of this report is to compile and summarize the flow and water-quality data of the Nation and Kandik Rivers that have been collected to date. In addition, flow and water-quality information that has been collected from the Yukon River at Eagle is also summarized. Although the National Park Service does not control upstream activities that might affect the water quality of the Yukon River at Eagle, they need to know the water quality of the Yukon because it is a migration corridor for fish and wildlife in both the United States and Canada. Water quality of the Yukon River can affect changes in those fish species that migrate up tributaries such as the Nation and Kandik Rivers.
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PHYSICAL SETTING
The Nation and Kandik Rivers originate in the Ogilvie Mountains in west-central Yukon Territory, Canada. Both rivers then flow southwestward into the Yukon River in Alaska. Average basin elevation for the Nation River Basin is 2,500 ft and ranges from 750 to 5,500 ft; average basin elevation for the Kandik Basin is 2,200 ft and ranges from 720 to 5,600 ft ( fig.  2 ). Both basins receive from 10 to 15 in. of precipitation annually. The Yukon River is believed to originate from the Llewellyn Glacier, near Atlin Lakes, in northwestern British Columbia (Parfit, 1998) . From its headwaters, the Yukon generally flows northwestward to the Canada-Alaska border.
Land-cover types for the Kandik River Basin are primarily needleleaf forest, broadleaf forest, and tall and low shrubland (table 1). Land-cover types for the Nation River Basin are primarily needleleaf forest, wet herbaceous, and lichens. Needleleaf forests consist of white and black spruce, broadleaf forests consist primarily of white birch, tall and low shrublands consist of willows and alders, wet herbaceous areas consist of grasses, and lichens consist of low and dwarf shrubs. (table 3) . Flow-duration 
WATER QUALITY
In addition to water-quality data collected by the USGS, water-quality information was obtained from the National Park Service and Environment Canada. Most of the water-quality data are for the Yukon River at Eagle. No water-quality information is available for the Kandik River and only a limited amount is available for the Nation River and its tributaries. Data for the Nation River and some of its tributaries were collected during 1991-92; the field properties measured were discharge, dissolved oxygen, pH, specific conductance, turbidity, and water temperature (table 5) . Nutrient (table 6), trace-element (table 7) , and majorion (table 8) concentrations also were determined from water samples. Inspection of values of field properties for the Nation River Basin (table 5) indicates low turbidity for the tributaries with the exception of one sample at Tindir Creek (site 2). Higher values of turbidity were found at sites along the Nation River (sites 11, 12, and 13, fig. 4 ). However, these samples were collected during high-flow periods and probably reflect high suspended-sediment concentrations. Water temperature varied with season, and all pH values are considered to be in a normal range (Hem, 1985) . Dissolved oxygen was near saturation for most streams.
Concentrations of various forms of nutrients (table 6) were all less than 1.0 mg/L. Of the selected trace elements analyzed (table 7) , the notable differences in concentrations were found in aluminum and zinc. The relatively high concentrations of these trace elements may be related to the differences in discharge and the corresponding differences in suspended-sediment concentrations.
Of the water-quality data collected in the Nation River Basin, the most variability among sites is noted in the concentrations of the dissolved ions (table 8). 0   1952  1954  1956  1958  1962  1964  1966  1968  1972  1974  1976  1978  1982  1984  1986  1988  1992  1994  1996  1998   Table 6 . Nutrient concentrations at six sites in Nation River Basin
[Site no.: Number used in this report (see figure 4) Water samples from Waterfall Creek near Nation (site 4, fig. 4 ), Cathedral Creek near Nation (site 7, fig. 4 ), and Hard Luck Creek near Nation (site 10, fig. 4 fig. 3, table 9 ).
Water-quality data were collected at the Yukon River at Eagle by the USGS from 1950 to 1979 and by Environment Canada from 1982 to 1994. The waterquality information collected by both the USGS and Environment Canada (table 10) consisted of specific conductance, dissolved solids, pH, water temperature, major-ion concentrations, and suspended sediments; Environment Canada also collected data on nutrients and selected trace elements. Daily suspended-sediment concentration at the Yukon River at Eagle is generally highest from midJuly to mid-August, at least a month after the greatest discharge of water ( fig. 12 ). At this location on the Yukon main stem, the most likely source of large concentrations of suspended sediment is the White River and its tributaries that drain the Wrangell-St. Elias Mountains. The estimated annual suspended-sediment load for the Yukon River at Eagle is 33,000,000 tons (Brabets and others, 2000) .
The chemistry of the Yukon River at Eagle reflects the chemical inputs from its major tributaries. The water of the tributaries to the Yukon upstream from Eagle are predominantly calcium-magnesium bicarbonate water having a specific conductance ranging from 54 to 373 µS/cm (Brabets and others, 2000) . The water-quality data from the Yukon River at Eagle indicates that calcium, sulfate, and magnesium are the predominant ions (table 10) . Ranges in values of total phosphorus and dissolved nitrate plus nitrite are less than 1.0 mg/L. Of the trace-element data collected, total aluminum and total iron have the largest ranges in values. These values are most likely dependent on the amount of suspended sediment present in the river at the time of sampling. 
